The synthesis of two analogues of parvaquone was accomplished starting form diisopropyl squarate. In addition to the classical conditions for ring expansion-cyclization process, a microwave-assisted reaction was introduced.
Introduction
The relevance of 2-hydroxy-1,4-naphthoquinones is well established. This class of compounds displays a broad spectrum of important biological activities, such as antiprotozoal, 1 antibacterial, 2 antimalarial, 3 pesticidal, 4 and antileishmanial 5 activity among others. Moreover, hydroxynaphthoquinones have been used as synthetic intermediates in the preparation of more elaborate compounds. 6 Although there are several different methods to prepare this type of compounds, 7 the importance of known and newly reported naphthoquinoid structures (e.g. Lactonamycin 8 and Hybocarpone 9 ) justifies the search for new and more efficient methods to build molecules of such complexity. Parvaquone (1) is another example of a 2-hydroxy-1,4-naphthoquinone with significant properties, i.e., it has been used against Theileria parva, a parasite that causes East Coast Fever. Our laboratory recently reported a short preparation of (1). 11 The squaric acid chemistry developed mainly by Liebeskind and Moore 12 was employed to accomplish such synthesis. In order to demonstrate the versatility of this methodology, we wish to report the preparation of two analogues of parvaquone.
Results and Discussion
The synthetic route involved the addition of commercially available cyclohexylmagnesium chloride to diisopropyl squarate 2 13 at low temperature followed by trifluoroacetic anhydride (TFAA) quench 14 to obtain directly cyclohexyl-substituted squarate 3 in 93% yield (eq. 1).
The remaining steps in our synthetic route are depicted in Scheme 1. Addition or aryllithium derivatives (generated by metal-halogen exchange of iodides 4 and 5) to squarate 3 at -78 o C, followed by an aqueous NH 4 Cl quench gave adducts 6 and 7 in 42% yield and 34% yield respectively. Despite several efforts, we were unable to increase the yield of this step, presumably due to the fact that tertiary alcohols 6 and 7 are particularly prone to hydrolysis in the presence of traces of acid. 15 Under these conditions, hydroxyl ionization would form a carbocation that would be strongly stabilized by both the electron-rich phenyl ring, and its allylic character. Then, the neat adducts 6 and 7 were thermolyzed at 155 o C for 5 min. to give the corresponding hydroquinones, which, on exposure to air, readily oxidized to naphthoquinones 8 (75% yield from 6) and 9 (76% yield from 7) in a very efficient manner. The final step of the synthesis was carried out by deprotection of 8 and 9 with 2.5 eq. of BBr 3 at -78 o C to give hydroxynaphthoquinones 10 (92% yield) and 11 (84% yield). Remarkably, the methoxy group of 8 remained intact during the deprotection step as evidenced by the signal at 3.96 ppm (3H) in the 1 H NMR spectrum. In searching for a more efficient way to thermolyze 6 and 7, it was decided to expose them to microwave radiation using a simple household microwave oven. To our delight, after exposing neat 6 and 7 to microwave radiation for 2 min, deprotected hydroxynaphthoquinones 10 and 11 were isolated in 29% yield and 40% yield, respectively (eq. 2). Even though no study of the reaction mechanism of the microwave-promoted generation of 10 and 11 has been carried out, it is presumed that it is the same as that accepted for the conventional thermolysis reaction. The greater lability of the i-Pr-protected enol-ether fragment (in 8 and 9) that was observed under the BBr 3 deprotection conditions was observed in this protocol as well. It is worth mentioning that despite the apparently low yields, they represent the overall yields of three reactions, i.e., cyclization, oxidation and deprotection. Thus, under these conditions, a 29% yield of 10 represents a 66% yield for each individual step, and a 40% yield of 11 represents a 74% yield for each step.
In conclusion, it has been demonstrated that the chemistry of squaric acid esters lends itself for the synthesis of highly substituted 2-hydroxynaphthoquinones as demonstrated by the expedite synthesis of two derivatives of parvaquone 10 and 11. Moreover, a new microwaveinduced cyclization method was introduced that allowed for the selective deprotection of the ipropyl-substituted oxygen.
Experimental Section
General Procedures. Microwave-induced synthesis of 10 and 11. Adduct 6 (or 7) was evenly dispersed on the bottom of a 20 mL screw-cap vial, the lid was then loosely screwed on top of it. The vial was subjected to microwave heating for 2 min. (Samsung MW1966WC oven, 1100 W) and then allowed to cool to room temperature. A (2:1) hexanes/EtOAc solution (ca. 0.5 mL) was added to the crude reaction mixture upon which a yellow solid precipitates. The mother liquor is removed to yield a yellow solid whose spectral properties match those of 10 (or 11) obtained by conventional heating and deprotection (29% for 10 and 40% for 11).
